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Abstract

A theory of gravitation in flat space-time is applied to homogeneous, isotropic cosmological mod-
els. There are non-singular cosmological models. A natural interpretation is a non-expanding uni-
verse. The redshift is an intrinsic effect and not a Doppler effect. The universe contains only en-
ergy in the beginning, i.e. no matter exists. In the course of time matter and radiation are created
from energy where the whole energy is conserved. Matter increases with time but a certain time
after the beginning of the universe the creation of matter is finished and the universe appears like
a static one. A modified Hubble law is considered which may explain the high redshifts of objects
in the universe without the assumption of dark energy.
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1. Introduction

Einstein’s general theory of relativity yields a singularity in the beginning of a homogeneous, isotropic universe.
Hence, space and time do not exist before and are created in the beginning. The redshift is interpreted as Dop-
pler effect which yields the expansion of space. This is the mainstream interpretation of cosmological models
studied by general relativity. It is implied by the singularity of the models.

A theory of gravitation in flat space-time is studied by the author in several articles, e.g. in article [1] and in
the book [2]. The theory of gravitation has a flat space-time metric. Gravitation is described by gravitational po-
tentials which form a tensor of rank two. The source of these potentials is the total energy-momentum tensor in-
cluding that of the gravitational field which is a tensor by this theory. This theory is a field theory in analogy to
the well-known Maxwell’s electrodynamics. For weak gravitational fields the results of this theory agree with
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those of general relativity to measurable accuracy. In the beginning of the universe where strong gravitational
fields work there are differences between the results of the two theories.

In the beginning of the universe only energy exists, i.e. there is no matter. In the curse of time matter and ra-
diation are created at coasts of energy where the total energy is conserved. Non-singular cosmological models
exist, i.e. a big bang doesn’t exist. The creation of matter is finished a certain time after the beginning of the
universe, i.e. the creation of the universe is finished. It is now like a stationary universe. A natural interpretation
is a non-stationary, non-expanding universe, the creation of which is finished. The redshift is an intrinsic gravi-
tational effect and not a Doppler effect. A non-expanding universe is also experimentally indicated by several
authors, e.g. the articles [3]-[8]. Theoretical studies of a non-expanding universe are given by several authors
(see e.g. [9]-[14]). A fast increase of the inhomogeneity in the matter dominated universe by flat space-time the-
ory of gravitation is given in article [15]. This is important to explain the presently observed inhomogeneity in
the universe. General relativity gives only slow increase of the inhomogeneity which does not allow to explain
the presently observed universe.

Chapter 2 contains the theory of gravitation in flat space-time which is a field theory. The metric is a flat
space-time, e.g. the pseudo-Euclidean metric. The gravitational field satisfies covariant differential equations of
order two with the total energy-momentum as source. Conservation of the total energy-momentum and the equa-
tions of motion for matter are stated (see e.g. article [1] and the book [2]).

In Chapter 3 a homogeneous, isotropic universe is studied. The pseudo-Euclidean metric is used implying a
flat space as indicated by measurements. The matter consists of dust and radiation. The universe is described by
two functions. There is no singularity, i.e. no big bang. The absolute time is introduced. There is no age problem.
A redshift formula is derived.

A modified Hubble law is described in Chapter 4 by the assumption that everybody is surrounded by a me-
dium similar to that in electrodynamics. Absolute time is used and a modified Hubble law is derived. Quasars
and galaxies with nearly the same redshift can have quite different distances as already experimentally indicated
by Arp. Redshifts can give smaller distances of the objects than by the standard Hubble law. It may be that dark
energy in the universe is not needed because the high redshifts are explained by the modified Hubble law.

The theory of gravitation in flat space-time and the general theory of relativity are compared with one another
from the theoretical point of view in article [16]. A modified Hubble law is stated in article [17] which may be
important to explain the high redshift of quasars without the assumption of dark energy. The existence of nearby
quasars and galaxies with quite different redshifts is already stated by Arp [18]. This is also in agreement with
the modified Hubble law in article [17]. Results about a hon-singular, non-expanding universe can also be found
in the book [2].

2. Gravitation in Flat Space-Time

A theory of gravitation in flat space-time is studied in several articles ( see e.g. article [1] and the book [2]) gives
for small gravitational fields the same results as general relativity to measurable accuracy. In this section the
theory is shortly summarized.

Let (x') be the coordinates of space-time and (77ij> the symmetric metric tensor of flat space-time with
line-element

(ds)” = -z, dx'dx . (3.1)

A special case is the pseudo-Euclidean geometry where (x',x*,x°) are the Cartesian coordinates, x* = ct
and (ryij ) = (1,1,1, —1). The gravitational field is described by a symmetric tensor (gij ) The proper-time 7 is
defined by

(cd7)’ =g dx'dx’. (3.2)
Put
n=det(n;), G=det(g;).
Define the tensor (g” ) by
9, 9" =5
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Then, the Lagrangian for the gravitational potentials (g ) is defined by

ij
12
_G mn i j 1 ij
L(G)=—[_—nj 9;949 (g,ﬁng,‘é—gg,’mgﬂj (3.3)

where the bar/denotes the covariant derivative relative to the metric (3.1). Let k be the gravitational constant and
put

K =4nk/c* .
Then, the energy-momentum TJi (G) of the gravitational field from the Lagrangian is
12
i 1 -G ir km ~ In 1 Kkl ~mn 1 i
T (G):§{[—_ﬂj G 9m9 ( /i g/r_Eg/jg/r +E5JL(G) . (3.4)

This is a tensor whereas the energy-momentum of general relativity is not a tensor.
The energy-momentum tensor of matter is

T (M)=(p+p)g,u“u' +5pc’. (3.5)

Here, p,p and (u‘) denote the density, the pressure and the four-velocity [iij of matter. It holds by
T

relation (3.2)
¢’ =—gu'u’. (3.6)
Define the differential operator of order two

12
i -G mn i
Dj :[{;J g gjkg/kn] : (3.7)

Im
Then, the field equations for the potentials from the Lagrangian (3.3) are
1

D] —55} Dy = 4n«T| (3.8)
where Tji is the total energy-momentum tensor of matter and of the gravitational field, i.e.
T =Ti(M)+T}(G). (39)
The equations of motion are
UT(M)Lk=%9WJ“(M) (3.10)
where
TV(M)=g*T} (M). (3.11)

is the symmetric energy-momentum tensor of matter. In addition to the field Equations (3.8) we have the con-
servation of the total energy-momentum tensor, i.e.

T =0 (3.12)

The field Equations (3.8) and the equations of motion (3.10) imply the conservation law (3.12) of the total
energy-momentum. In addition, the field Equations (3.8) and the conservation law (3.12) of the total energy-
momentum give the equations of motion (3.10).

The field Equations (3.8) are formally similar to those of general relativity with quite different meanings of
D! and T..

] ]

The theory of gravitation in flat space-time and that of general relativity are compared with one another from

the theoretical point of view in article [16].
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3. Homogeneous, Isotropic Universe

Flat space-time theory of gravitation is applied to a homogeneous, isotropic universe. The results can be found
in several articles, especially in [11] and in the book [2].
The metric is the pseudo-Euclidean geometry, i.e.

(ds)2 = —(dxl )2 —(dx2 )2 —(dx3 )2 +(dct)2. (4.1)
The potentials are
a(t)’, (i=j=123)

9, = Yh(t), (i=]=4) @2)
0, (i ]

~—

which implies the proper-time

(cdr) =-a(t)’ {(dx1)2 (@) (o )2} +%(o|ct)2 . (4.3)
Assume that matter is at rest, i.e.
u'=0 (i=12,3)
which gives by (3.2) the four-velocity
(u')=(0,0,0,ch**).
The matter tensor has the form
p,c’ (i=j=123)
T (M)=1(pn+p )¢ (i=]=4) (4.4)
0 (i=])
Here, p, and p, are the densities of matter and radiation and p, is the pressure of radiation, i.e.
b =p./3. (4.50)
The pressure of matter is that of dust, i.e.
p, =0. (4.5b)
The energy-momentum tensor of gravitation is given by
éL(G) (i=j=123)
T/(G)= —%L(G) (i=j=4) (4.6)
0 (i#])
with
L(G) :éaﬂ%{—ﬁ(%}z +6%%+%[%}2J. (4.7)

The prime denotes the time-derivative.
The equations for the gravitational field have the form

i[a3\/ﬁij = 2xc* (ipm +lp,j (4.8a)
dt a 2

3
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9 g ) s aget[ L 1 @) 4.80
dt( \/_h] " (2pm+p’+8;<c2 ( )j (4.80)

The conservation of the total energy gives
1
+p)c2+—L(G)=Ac? 4.9
(pa+P)E +2-L(G) “9)

where A is a constant of integration. The equations of motion imply under the assumption that matter and ra-
diation do not interact with one another:

P =Puo/ NN, = pof(ah) (4.10)

where p., and p,, arethe present densities at time t, =0.
The initial conditions for the differential Equations (4.8) are the values at present time t, =0:
a(ty)=h(t))=1a'(t,)=H,, h'(t;)=hy (4.11)

where H, Isthe Hubble constantand h; is a further constant which is zero for general relativity.
Let Q and Q, be the well-known density parameters of radiation and matter. Put

1 h
=3H.|1+=—2 4.12a
Do o[ 6 Hoj ( )
and
12xc's (1)
Q Ky=2| =212 || (4.12b)
3| H; 2H,
The it follows from (4.9) for t=t, =0
Q.K,=Q,+Q, -1 (4.13)
Longer calculations imply the relations
a®yh = 2kc* At% + ot +1, (4.14b)
a! 2 H2
£_j = 0 +(-Q.K, +Q,8° +Q,2°). (4.14b)
a) (2" Mt + gt +1)
The condition
Ky, >0

gives by the use of (4.12b) that the denominator of (4.14b) is positive for all te ]—oo,+oo[. Hence, non-singular
solutions exist. Let us assume

0<K,x1 (4.15)
then, there exists a time
t <t,=0withO<a =a(t) <1 Q,a+Q,a’-Q,K, =0 (4.16)
and for all t e ]-o0,+00[ holds
a(t)>a
We getfor p,, =0
K, =a’, %:—%KO <0 (4.17a)
Q, =1(1-K,). (4.17D)
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Put
- 1o
Hi=_1|>% 4.18a
a1 (4189
and assume
H, b < H,t (4.18b)
then, the solutions are approximated by
4
41 (1¢ 2
a’(t)r=———| =2 | (Ht—H,L)", 4.19a
(t) ggm[ZHoj( ot =Hof,) (4.19)
Jh z1_%K0. (4.19b)
In the beginning of the universe, i.e. t — —oo, the functions are
a(—»)~1.8a, (4.20a)
1 2
h(t)~| = Pot+1] /a®(—0). (4.20b)
2 H,

This means that the universe starts with a small positive value a(—») at t=-o and decreasestill t, with
a(t,)=a,. Then, it increases to infinity as t — oo . The function h(t) is infinite at t=—co and it is always
decreases for all te ]—oo,+oo[ to a value a little bit smaller than 1. In the beginning of the universe there is no
matter and no radiation. In the course of time matter and radiation are created. A certain time after the beginning
of the universe the creation of matter is finished, i.e. the total universe is created. Hence, the universe appears as
a static one. A static universe is also claimed by Watts [5].

In addition to the time t there exist the proper time 7 defined by
df =—=dt (4.21a)
h(t)
and the absolute time t’ defined by
t'= 1 dt = 1 df (4.21b)
a(t)yh(t)  a(t)

The proper time 7 is measured by atomic clocks. The introduction of the absolute time t' gives

(cdr)’ = —a? (|dx|2 —(dct’)z) (4.22)

i.e. the light-velocity in the universe is at every time equal to the vacuum light-velocity c.

The universe happens in the pseudo-Euclidean geometry with the time transformation (4.21b). Hence, space is
not expanding.

Two light rays are emitted at distance r at time t; resp. t; +dt, and they are received at r=0 at time 0
and 0+dt/. Hence, it follows

r= cjto dt = —ct/

r=c[ dt=—c(t; +dt ~dt).

o +dtg
The last two relation yield
dt; =dt,. (4.23)

Therefore, the time-intervals are at any time always identical.
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The Equation (4.14b) is by the use of (4.14a) and the use of the absolute time t' of (4.21b) rewritten the
form

da 2 H§ 2 3
T =a—2(—QmKO+Q,a +Q,°) (4.24)
The frequency v of an atom emitted at time t, in the universe is by (4.22)
v=a(t)v, (4.25)

where v, is the emitted frequency of the same atom at present time. By the use of (4.22) the change of the
photon-energy during the motion of the photon in the universe is given by

2\¥2

J o

d{ o) 1da’(, |dx|]"|dt’ da[ ,
o VT Syl Bl wnrvrnl B = ¢
dt dr 2¢ dt dr dt
Hence the frequency (energy) is not changed when light moves in the universe. Therefore, the measured red-
shift at the observer at present time is

x|
dt

x|
dt

z=1/a(t))-1. (4.26)
The redshift formula (4.26) implies by the use of (4.24), differentiation of (4.24) and the constant velocity of
light c in the universe
2-H, 30 (H 1]2 (4.27)
®c 4" Pc) '

’

The age of the universe measured with absolute time t' from time t/ till the present time is by the use of
(4.24), (4.13), (4.15) and (4.16)

) = ?dt’:jld—tdazi ' ada .
it ada H, al(_Q K, +©Q a2+ 0 a3)1/
(4.283)
SN ada L
Ho " (c0, K, +(@, +0,)a?) " Ho
The age of the universe from the beginning till t/ is by the use of (4.24), (4.16) and (4.20a)
{ = Izl_m)d_tda:i o) ada -
Tlda T Het (Lo K, +Q,a% +Q2°)
1 (a(~=) ada
<o Ll : 7 (4.28D)
0 (-Q,.K,+Q,a° +Q,a,%)

DN SRRV PN U
HO Qr "eral HO Qm HO

Hence, the age of the universe measured with absolute time from the beginning till t is very small com-
pared to the total age of the universe.

There is no age problem for the universe by the use of the absolute time which is more natural than the proper
time 7 by virtue of the constancy of the light-velocity c¢ in the universe.

There exist several articles which require a universe with non-expanding space (see e.g. [3]-[10] [12]). Non-
singular universes are studied in the articles [11]-[14].

A theoretical comparison of the theory of gravitation in flat space-time with general relativity is given in the
article [16]. The total energy-momentum tensor of matter and gravitation is the source of the gravitational po-
tentials whereas general relativity has only the energy-momentum of matter as source since the energy-mo-
mentum of gravitation is not a tensor. Therefore, the Ricci tenor is used to describe the gravitational metric
which implies non-Euclidean geometries. Experimental results indicate that the space of our universe is flat in
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agreement with flat space-time theory of gravitation. A flat space yields difficulties to be explained by general
relativity since in the beginning of the universe there is a high matter density which implies high curvature.
Therefore, the inflationary universe is introduced.

It is worth to mention that flat space-time theory of gravitation gives in the matter dominated universe a fast
increase of the inhomogeneity of matter (see [15]). This is necessary to explain the observed inhomogeneity by
galaxies and quasars. General relativity has difficulties to explain this inhomogeneity because only weak in-
creases can arise.

4. Modified Hubble Law

The interpretation of an expanding space gives with recently observed high redshift quasars an acceleration of
the expansion of the space. This is partly explained by the introduction of a cosmological constant in the general
theory of relativity. This is also possible for flat space-time theory of gravitation.

Here we will consider another possibility. Let us assume that a body is surrounded by a medium analogous to
that of electrodynamics with electric permittivity ¢ and magnetic permeability . We put

n=(eu)"”. (5.1)
We follow along the lines of article [17] and that of the book [2]. Put
oA, oA S
=T pl—gkglEX 5.2
oo ax! 99 (52)
with
g, = 1'diag (11,1, -1/n’). (5.3)
Then, the proper-time is given by
(cdr)’ = —ut? [|o|x|2 —iz(dct)zj. (5.4)
n
Let J= (Jl, J2,3%0 “) be the electric four-current density and consider the covariant differential equations
0 —ui 4dm
—F'=—7' 5.5a
oxk c (5:52)
0 0 0
The electric and the magnetic field are defined by
EZ(F417F42!F43)’ B=(F32,F13,F21) (5-6a)
and the derived fields are
H=(F® F* F*), D=(F“F* F*) (5.6b)
Then, it follows from (5.5) with (5.2) and (5.3)
D=¢E, B=uH (6.7)

and with the abbreviation J = (Jl, NERN 3) we have the well-known Maxwell equations in a medium
10D 4=

rot H-=—="=J, divD=4mnJ* (5.8a)
c ot c

ot E+~8 0, divB=o0. (5.8b)
c ot

Let us now consider a medium in the universe described by the absolute time t’ and a(t’) . We define the

approximating potentials
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R
n
The metric is given by
ds” = (| - a’h(det')’) (5.10a)
and the proper-time 7 has the form

(cdr)’ = —au"? (|dx|2 -iz(dct')zj. (5.10b)
n

Assume that an atom at rest emits a light ray at time t; in the universe. The Equation (5.10b) gives for the
proper-time

dr, =a(t))u Zdt. (5.11)
n
Hence, the emitted frequency is
1/4
v, =a(t) v, (5.12)
n

Assume that the light-ray moves only a small part of his way to the observer in this medium. In the exterior of
the medium relation (4.22) holds, i.e. the frequency is not changed during the motion. Hence, the redshift at the
observer is

Vo 1 n
z z——l:—’ —-1 (513)
Ve a(te) ,u1/4
which gives analogous to Section 4
n n r n 3 ry
=gt o
u yu

Hence, we get an intrinsic redshift by the medium, i.e. the standard Hubble law doesn’t give a real distance
indicator. We must use the modified Hubble law (5.14).
We can assume

n

pa

>1. (5.15)

Then, we conclude:

(1) The linear modified Hubble law overestimates the Hubble constant.

(2) For a fixed redshift the resulting distance of the object is smaller than by the standard Hubble law.

(3) Quasars and galaxies with nearly the same distance can have quite different redshifts depending on the
medium in which light is emitted (see e.g. Arp [18]).

(4) Quasars may be nearer than by the standard Hubble law. Hence, the measured energy emitted from these
quasars is smaller than generally assumed.

(5) It is possible that the assumption of dark energy in the universe is not necessary because the higher red-
shift implying the acceleration of the universe may be explained by the surrounding medium of the objects, as
e.g. of galaxies and quasars.

All these results can be found in the article [17] and in the book [2].

5. Conclusion

The theory of gravitation in flat space-time gives a non-expanding, non-singular universe, i.e. there exists no big
bang. The redshift is an intrinsic effect and not a Doppler effect. Space is not expanding. In the beginning of the
universe only energy exists and no matter. In the course of time matter (dust) and radiation are created whereas
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the total energy is conserved. Matter increases with time and a certain time after the beginning the creation of
matter is finished, i.e. the total universe appears static. A modified Hubble law is given which may explain the
high redshifts of objects in the universe without the assumption of dark energy.
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